Twelve species of Ansonia occur on the Thai-Malay peninsula, of which, five from Peninsular Malaysia, form a monophyletic group. One of these, A. jeetsukumarani, is endemic to the Titiwangsa Mountain Range, in which, we discovered a new population of Ansonia that is not A. jeetsukumarani or even its closest relative. Based on morphology, color pattern, and molecular phylogenetic analyses using the mitochondrial genes 12s and 16s rRNA, we have determined that this new species, A. smeagol sp. nov., forms the sister lineage to an upland, monophyletic group composed of A. jeetsukumarani, A. lumut, A. malayana, and A. penangensis. We have noted similar biogeographic patterns in other taxa from the Titiwangsa Mountain Range in a number of upland lineages in Peninsular Malaysia. We hypothesize that the phylogeographic structure of these upland populations is a result of stochastic processes stemming from interaction of climate-driven forest dynamics and life histories.
Introduction
The bufonid genus Ansonia Stoliczka is composed of 28 small, scansorial, stream-dwelling species ranging as far north as Myanmar, as far east as the Philippines, and southward through the Thai-Malay Peninsula to Borneo . Eight species of Ansonia are known from Peninsular Malaysia, of which four (A. jeetsukumarani Wood, Grismer, Ahmad, & Senawi, A. lumut Chan, Wood, Anuar, Muin, Quah, Sumarli, Grismer, A. malayana Inger, and A. penangensis Stoliczka) form an upland monophyletic group distributed across the peninsula's mountainous landscape (Fig.1) . Given their lotic lifestyle, these species are restricted to microhabitats with a consistent flow of water and as such, their distributions are fragmented and circumscribed.
In the months of March and August of 2015, we collected a series of nine specimens of Ansonia from the uplands of Genting Highlands, Pahang. Previous knowledge of this population was based on a single juvenile collected during August 2004 (Grismer, unpublished) but its identity could not be determined. Morphological analyses on this new series of specimens confirms their placement in the genus Ansonia being that they have a small body size (maximum SVL 27.4 mm in females; 20.0 mm in males); long slender limbs bearing long slender digits with bulbous tips; no parotoid glands; weak subarticular tubercles; and webbing on the feet (Inger 1960 (Inger , 1992 . We suspected that the specimens of this new population would be conspecific with A. jeetsukumarani based on their overall similar morphology and the fact that A. jeetsukumarani occurs approximately 33 km to the north at Fraser's Hill, Pahang (Wood et al. 2008) . However, morphological and genetic analyses indicated that although the Genting Highlands population is a member of the Malaysian upland clade, it is not conspecific with A. jeetsukumarani, nor are they even sister species. As such, the Genting Highlands population is described herein as a new species. 
Materials and methods
Morphology analysis. Color notes were taken from the digital images of living and euthanized specimens prior to preservation. The following characters were measured with a Control Company digimatic caliper to the nearest 0.1 mm: snout-vent length (SVL), from tip of snout to vent; head length (HL), from posterior margin of mandible to tip of snout; head width (HW), measured at the level of the jaw articulation; snout length (SL), from anterior margins of eyes to tip of snout; snout width (SW), distance between anterior margins of eyes; internarial distance (IND), 0DWVXL et al. 0DWVXL et al. 
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$QVRQLD smeagol .8+( 7$%/( &RQWLQXHG measured from medial, inner margins of nostrils; interorbital diameter (IOD), distance between medial margins of palpebrae at its closest point; eye diameter (ED), length between anterior and posterior margins of eye; tympanum diameter (TD), length of the vertical axis; manus length (ML), distance from the proximal edge of the outer metacarpal tubercle to the tip of the third finger; crus length (CL), distance from knee inflection to tarsal inflection; pes length (PL), measured from proximal edge of inner metatarsal tubercle to tip of fourth toe. Toe webbing formula follows Savage & Heyer (1997) . These characters were compared to additional discrete character states for all congeners listed in Wood et al. (2008) and to specimens of other species examined first hand (Appendix) (Wilkinson 2012; . The type series is deposited in the La Sierra University Herpetological Collection (LSUHC), La Sierra University, Riverside, California, USA.
Ansonia smeagol
VS QRY
Ansonia
VS
Ansonia
VS
Ansonia
DNA extraction and amplification. Genomic DNA was extracted from liver samples that were stored in 95% ethanol using the animal tissue protocol in the Qiagen DNeasy™ tissue kit (Qiagen. Valencia, California). A 2451 bp fragment of the mitochondrial genes 12S, tRNA val , and 16S was amplified using a double stranded polymerase chain reaction (PCR) under the following conditions: 1.0 µl of 5X buffer (1.5 µM), 0.1 µl of Taq polymerase, 1 µl of Bovine Serum Albumin (BSA [.05 mg/mL]), 1 µl dinucleotide pairs (dNTP [1.5 µL]), 1 µl of each of the external primers (Table 1) , and 6.5 µl of diH 2 O. All PCR reactions were carried out on an MJ Research PTC-2000 Peltier Thermal Cycler: initial denaturation at 94°C for 2 min, followed by 35 cycles of a secondary denaturation at 94°C for 30 s, annealing at 55°C for 30 s, elongation at 72°C for 1.5 min, with a final extension at 72°C for 10 min. PCR products were visualized via agarose gel electrophoresis. PCR products that were the same size as the targeted regions were purified using PrepEase PCR Purification 96-well (Ultrafiltration) plates and the products were resuspended in diH 2 O. Purified PCR products were sequenced using an ABI Big-Dye Terminator v3.1 Cycle Sequencing Kit in an ABI GeneAmp PCR 9700 thermal cycler. All cycle sequencing reactions were purified using Sephadex G-50 Fine (GE Healthcare) and analyzed on an ABI 3730xl DNA Analyzer at the Brigham Young University Sequencing center. Sequences were edited and aligned in GENEIOUSv8.1.5 (Drummond et al. 2011) . Initial alignment was constructed using the MUSCLEv3.831 algorithm (Edgar 2004 ) implemented in GENEIOUSv8.1.5. The alignment was then adjusted by eye in Mesquite v3.02 (Maddison & Maddison 2015) .
Phylogenetic analyses. Maximum Likelihood (ML) and Bayesian Inference (BI) were used to construct phylogenetic trees using the individuals listed in Table 1 . The dataset was partitioned by gene as determined in IQ-TREE (Nguyen 2015) using the BIC criterion. TIM2+I+G4 was the best-fit model of evolution for 12S and 16S and TIMe+G4 was the best-fit model for valine (val). The ML analysis was performed on IQ-TREE and 1000 bootstrap pseudoreplicates were run using the ultrafast bootstrap analysis (Minh et al. 2013) . The Bayesian analysis was performed on CIPRES Science Gateway (Miller et al. 2010 ) using MrBayes v3.2.4 (Ronquist et al. 2012) . Two simultaneous runs were performed with four chains: three hot and one cold. The Markov Chain Monte Carlo (MCMC) chain was run for 50,000,000 generations and it was sampled every 5000 generations with the, with the first 25% of each run being discarded as burn-in. The posterior distribution of trees was summarized using the sumt function in MrBayes v3.2.4 (Ronquist et al. 2012) . Stationary was checked in Tracer v1.6 (Rambaut & Drummond 2013) to ensure convergence, which was determined by assuring that effective sample sizes were greater than 200 for all parameters. We considered Bayesian posterior probabilities (BPP) of 0.95 and above and ultrafast bootstrap support values (UBS) of 90 and above as significant nodal support (Huelsenbeck & Ronquist 2001; Minh et al. 2013) . (Fu, 2000) Results
The Bayesian and ML analyses produced trees with a very similar topology (Fig. 2) , indicating that the Genting Highlands population is a separate lineage that is not conspecific with A. jeetsukumarani. Both analyses also indicate it as the sister species to a clade containing A. lumut, A. penangensis, A. malayana, and A. jeetsukumarani but this relationship is weakly supported (--/72) for the ML analysis. Within that clade, the Genting Highlands population is the most distantly related to the sister species A. malayana and A. jeetsukumarani (Fig. 2 ). The ML phylogeny shows low support (69 UBS) for the sister species relationship between A. latirostra and A. tiomanicaa close relationship first noted by Grandison (1972) and discussed by Grismer (2006) . However, this relationship was not supported in the BI phylogeny which placed A. smeagol sp. nov. as the sister species to A. tiomanica but with very low support (0.64 PP). The ML topology was preferred here as it matched the topology of Chan et al. (2014) . The morphological and color pattern analyses corroborate the molecular analyses by demonstrating that the Genting Highlands population is discretely diagnosable from all other species of Ansonia by having a unique suite of characters (Table 3 ) and specifically from A. jeetsukumarani by having an inner metatarsal tubercle, absence of a dorsolateral row of enlarged tubercles, the absence of orange coloration on the flanks, and the absence of orange banding on the front and hind limbs. (LSUHC 12122, 12123, 12125, 12126, 11641, 11645, 12076, 12078, 12270) . LSUHC 12248 is the only male.
Diagnosis. Ansonia smeagol sp. nov. is assigned to the genus Ansonia based on its phylogenetic placement and the following morphological characteristics: small body size; slender limbs; no parotoid glands; weak subarticular tubercles; and membranous foot webbing. It can be differentiated from all other species of Ansonia by the combination of the following characters: SVL 24.6-27.4 mm in females; snout projecting beyond lower jaw; tympanum visible; white tubercle at rictus; finger and toe tips rounded; presence of inner and outer metatarsal tubercle; presence of gular spotting; faint presence of crossbars on hind limbs; and the faint presence of a middorsal stripe extending from the tip of the snout to the interscapular region. Description of holotype. Adult female, SVL 27.3 mm; head longer than wide (HL/HW=1.02); snout shorter than wide (SL/SW=0.68), extending beyond lower jaw, dorsally convex with a midline depression; canthus rostralis distinct; nares open laterally just below canthus, nearly terminal on snout; distance between nares smaller than snout length (IND/SL=0.93) and snout width (IND/SW=0.63); eyes large, slightly protruding beyond labials in dorsal view, diameter slightly larger than snout length (ED/SL=1.07), less than one-half the size of interorbital distance (ED/IOD=0.40); tympanum fairly distinct, circular with horizontal axis being shorter than eye diameter (TD/ED=0.45); choanae subcircular, separated by a distance larger than their diameter; vomerine ridge and teeth absent; tongue narrow, ending in median point, posterior one-half free. Forelimbs and fingers long and slender; finger length from shortest to longest: I, II, IV, III; basal webbing not extending beyond proximal subarticular tubercle; fingertips rounded, slightly dilated but not forming discs; subarticular tubercles distinct; inner and outer metacarpal tubercles distinct, oval, raised, inner slightly smaller than outer. Hindlimbs and toes are long and slender (CL/SVL=0.29), foot longer than tibia (PL/CL=1.33); toe length from longest to shortest: I, II, III, V, IV; webbing formula: I 1, II ½-2, III 1½-2, IV 3½-3.7, V 1.5; tips rounded, dilated but not forming discs; subarticular tubercles distinct; inner tubercle elongate, raised; outer tubercle raised, oval, slightly smaller than inner.
Upper eyelid, interorbital region, and dorsal part of snout and canthus covered in small, raised tubercles bearing keratinized tips; interorbital ridges absent; few randomly dispersed tubercles present on lores; single row of small spinules on upper lip and outer margin of upper eyelid; large tubercle just above rictus, posterior to tympanum; supratympanic fold and parotoid gland absent; back, flanks, and dorsal part of limbs bearing irregularly spaced large and small tubercles bearing white or brown keratinized spinules; entire ventral surface except for manus and pes covered with fine, evenly spaced spinules that are most dense around rictal and pectoral region; and ventral surface finely granular in both males and females. Coloration in life (Fig. 3A) . Dorsal ground color is dark brown to black; flanks bearing randomly arranged, white patches; large, white tubercle at rictus with a smaller, white tubercle present between rictus and posterior upper labial tubercles on left side of head but absent on right; four small, white patches on upper, right lip and three small, white patches on upper, left lip; white patches on ventral side of mandible, near the vent, and on anterior portion of thigh; and ventral portion of thigh much lighter than other parts of body.
Variations (Fig. 4) . All paratypes closely resembled the holotype in both coloration and pattern. Apart from one paratype (LSUHC 12125), the ventral portion of the thigh was not lighter in coloration than the rest of the ventral surface. The same paratype also showed a higher prominence of white spotting on the ventral portion of the body. None of the paratypes had a tubercle anterior to the large, white tubercle at the rictus, as was seen in the holotype. Measurements showing the variation in size within the type series are shown in Table 4 . Comparisons. Morphological data for species comparisons were obtained from Wood et al. (2008) and the material examined (Appendix). Ansonia smeagol sp. nov. forms a monophyletic group with A. jeetsukumarani, A. lumut, A. malayana, and A. penangensis (Fig. 3) . Ansonia smeagol sp. nov. differs from A. lumut by having a slightly smaller SVL (24.6-27.4 mm versus 27.7-31.6 mm in females, respectively), lacking a large yellow tubercle at the angle of the jaw, lacking a dorsolateral row of enlarged tubercles, and having a coarsely granular abdomen. It is differentiated from A. jeetsukumarani by lacking a dorsolateral row of enlarged tubercles, having an inner metatarsal tubercle, and the absence of orange coloration on the flanks and orange banding on the limbs. It differs from A. malayana by lacking a large yellow tubercle at the angle of the jaw, the absence of a light orange coloration on limbs and dorsum, and the absence of an "X" pattern on the dorsum. It differs from A. penangensis by its smaller SVL (24.6 mm versus 37.2 mm in females), the absence of a tarsal ridge, and the absence of orange bands on the limbs. Comparisons to all other Ansonia species can be found in Table 3 .
Distribution and natural history. Ansonia smeagol sp. nov. is only known to occur in the upland regions of the Titiwangsa Mountain Range (1218m in elevation) at Genting Highlands. Four of the specimens were found between 2000 and 2300 hrs in a small drainage ditch at the side of a dirt road, next to a muddy slope covered by hill dipterocarp forest. Five other specimens were found on top of the leaf litter, in a closed canopy forest (Fig. 5) . Both localities were in the vicinity (50-200 m) of a large, fast-flowing rocky stream with various side pools. The holotype and four out of the eight paratypes were collected during the month of March, three of which were gravid indicating that March falls within this species' reproductive season.
Etymology. The specific epithet is a noun in apposition in reference to ''Sméagol'', a fictional character created by J. R. R. Tolkien in The Hobbit (1937) . Sméagol is an upland, semiaquatic, large-eyed, creature inhabiting the Misty Mountains of Middle Earth who has long, thin limbs bearing digits with bulbous tips, large webbed feet, and large protruding eyes-characters found in the new population being described herein.
Discussion
The phylogeny presented here matched the topology of . However, we faced the same problem that previous Ansonia phylogenies have in that many nodes are not well supported Matsui et al. 2010 Matsui et al. , 2012 Wilkinson et al. 2012) . The clade containing A. smeagol sp. nov. only had one well supported node (1/ 100) placing A. penangensis as sister species to A. jeetsukumarani.
The description of Ansonia smeagol sp. nov. brings the total number of described species of Ansonia to 29 but more importantly, it underscores the rich, undiscovered diversity that still exists in the cloud forests of Peninsular Malaysia. New species are continually being discovered in well-studied areas throughout the Titiwangsa Mountain Range north of Genting Highlands (Grismer & Quah 2015) as well as in other mountain ranges (Grismer et al. , 2013a (Grismer et al. ,b, 2014 Wood et al. 2008 Wood et al. , 2009 and there is no reason why Genting Highlands will prove to be any different. Being that only five species of Ansonia are known from the upland habitats of Peninsular Malaysia, it suggests that the diversity of this genus may be largely underestimated owing to the vast expanses of upland habitats that remain unexplored. Additionally, the taxonomy of many upland species of Ansonia are in dire need of a molecular analysis. For example, A. malayana is known from four isolated populations separated by approximately 10-170 km (Grismer 2006; Grismer et al. 2010) ; A. latirostra is known from two isolated mountain tops separated by approximately 127 km (Grismer 2006) ; and A. latffi is known from six separate upland and lowland localities (reported here for the first time from Hutan Lipur Sekayu and Hutan Lipur Chemerong) separated by 90-210 km (Grismer 2006) and this species shows a marked degree of genetic substructuring (Fig. 2) . Much the same can be said for A. kraensis from southern Thailand (Grismer 2006) . This underscores the notion that the biodiversity of the upland systems of the Thai-Malaya Peninsula will be greatly increased with additional field-based research which will hopefully lead to the preservation and conservation of these unique and fragmented ecosystems. 
